Abstract We determined new linear ephemerides of transiting exoplanets using long-cadence de-trended data from quarters Q1 to Q17 of Kepler mission. We analysed TTV diagrams of 2098 extrasolar planets. The TTVs of 121 objects were excluded (because of insufficient data-points, influence of stellar activity, etc). Finally, new linear ephemerides of 1977 exoplanets from Kepler archive are presented. The significant linear trend was observed on TTV diagrams of approximately 35% of studied exoplanets. Knowing correct linear ephemeris is principal for successful follow-up observations of transits. Residual TTV diagrams of 64 analysed exoplanets shows periodic variation, 43 of these TTV planets were not reported yet.
INTRODUCTION
The Kepler satellite, launched in 2009, provided during its primary mission high-precision, high-cadence and continuous photometric data (Borucki et al., 2010) . After losing two reaction wheels in 2013, so-called K2 mission started and still continue (Howell et al., 2014) .
During the primary mission, Kepler discovered 2327 extrasolar planets (up to May 31 st , 2018). Almost the half of them (1125) are located in 447 multi-planet systems. The final catalogue (DR25) of Kepler planet candidate was released in 2017 (Thompson et al., 2018) . It consists of more than four thousand of planet candidates.
In many of known exoplanets, the variations in times of transits were already observed. Holczer et al. (2016) detected 260 planet candidates with significant long-term variations. These variations could be caused by gravitational interaction with another bodies in the system. For example, Steffen et al. (2012) determined the masses of planets in the systems and Kepler-28 using transit timing. Similar method is also used to confirm the planets in multi-planetary systems (e.g. Fabrycky et al. (2012) ). Many of planet pairs are captured into mean motion resonances (MMRs) (Wang & Ji, 2017) . The MMRs 3:2 and 2:1 are the most common (Wang & Ji, 2014) .
LINEAR EPHEMERIS DETERMINATION
In our analysis we used long-cadence (sampled every 29.4 minutes) de-trended data (PDCSAP FLUX) from quarters Q1 to Q17 of Kepler mission, obtained from Mikulski Archive Table 1 ).
for Space Telescopes (MAST) 1 . For the analysis of data, we used the same pipeline as in our study of transit-timing variations (TTVs) in the system Kepler-410 (Gajdoš et al., 2017) . We used same approach for all studied planets and got homogeneous set of times of transits by one method. It can be summarized in the following steps:
1. Parts of the light curve (LC) of the individual system were extracted around detected transits (using ephemeris given by NASA Exoplanet Archive 2 (Akeson et al., 2013) ), with an interval two times bigger than the transit duration. 2. Additional residual trends caused by the stellar activity and/or instrumental long-term photometric variation were removed by the fitting out-of-transit part of LC by the secondorder polynomial function. 3. All individual parts of the LC with transits were stacked together. This can be done, because one expects that the physical parameters of the host star and the exoplanet did not change during the observational period of about 3.5 years and we want to cancel-out the effect of stellar activity. (2010) . Our package use Markov Chain Monte-Carlo (MCMC) simulation to obtain statistically significant value of parameters and their errors. 5. Obtained template was used to fit all individual transits, where only the time of transit was updated. 6. Determined times of transits were used for a creation of transit timing variations (TTV) diagram of the object. It was subsequently fitted by the linear function to obtain new values of linear ephemeris parameters, initial time of transit T 0 and orbital period P . To achieve statistically significant estimation of parameter's uncertainties, we used MCMC simulation.
To estimate the quality of the statistical model, we have calculated sum of squares χ 2 and reduced sum of squares χ 2 /n where n is the number of data points in TTV diagram. 7. Finally, new linear trend determined by new ephemeris was removed and residual TTV was visually inspected for another changes.
DISCUSSION AND CONCLUSION
We started our analysis of TTV diagrams with 2098 extrasolar planets from Kepler database. We excluded 121 objects with TTV diagrams consisting less than 4 points or with diagrams strongly affected by stellar activity. New linear ephemeris were determined for 1977 exoplanets. They are all presented in Table 1 . Our analysis revealed that in many cases (∼ 35%), linear trend could be observed on the TTV diagrams which were calculated according to original ephemerides given by NASA Exoplanet Archive. Cumulative shift in the minima times of studied exoplanets can reach up to ∼ 130 minutes (e.g. Kepler-4 b) over 3.5 years of Kepler observations. The example of such a significant trend detected in the system Kepler-114 c is shown on Fig. 1 (left) . The period of Kepler-114 c given by the NASA Exoplanet Archive is 8.041 days. But the reference (Xie, 2014) for it is quite old and had used only data up to Q16 quarter. We used also Q17 data in this paper. Also in many other cases, the ephemeris given by the Archive is not the latest one. The incorrect value of period could cause that the transit will be really observed few hours earlier or latter than it will be calculated, after few years. And the observer with outdated ephemeris will not see any transit at all. After removing linear trend determined by the new ephemeris, we can obtain residual TTV with no other significant changes (right) (note 1 in Table 1 ).
Residual TTV of 64 planets shows periodic or quasi-periodic variations (note 2 in Table 1 ). The examples of such systems with more or less significant changes are depicted in Fig. 2 . TTV of 17 planets from this group were already analysed by Holczer et al. (2016) . We compared our Table 1 ). Periods and amplitudes of these changes are listed in Tables 2 and 3. results with their in the Thompson et al. (2018) but they did not determine any parameters of these changes. 43 of these planets with periodic TTV were not reported in any other paper. Discovering these new TTV systems was a result of using our method of LC de-trending and time of transit measurement. The all planets with unreported periodic TTV and six planets reported (but not analysed) by Thompson et al. (2018) are listed in Table 3 with periods and amplitudes of TTV changes. We used sinusoidal model of these variations to determined their period and amplitude. For finding correct values of sinusoidal model's parameters, we ran simple Levenberg-Marquardt algorithm (Marquardt, 1963) . Amplitudes of found variations vary between approximately 2 and 70 minutes and periods vary from only 80 to more than 1500 days. These changes could be caused by interaction with another body(ies) (e.g. Agol et al. (2005) ), stellar activity (e.g. spots) or other effects in studied systems. 95 exoplanets shows chaotic or abnormal TTVs (note 3 in Table 1 ). This type of variations is the most probably caused by stellar activity (e.g. Oshagh et al. (2013) ) and/or gravitational interaction with another bodies in the systems. Examples of these systems are shown on Figure 3 . Table 1 ).
SUPPORTING INFORMATION
Additional Supporting Information may be found in the on-line version of this article: Table 1 . The new linear ephemeris of Kepler exoplanets.
